The dynein adaptor Drosophila Bicaudal D (BicD) is auto-inhibited and activates dynein motility only 2 after cargo is bound, but the underlying mechanism is elusive. In contrast, we show that the full-length 3 BicD/F684I mutant activates dynein processivity even in the absence of cargo. Our X-ray structure of the 4 C-terminal domain of the BicD/F684I mutant reveals a coiled-coil registry shift; in the N-terminal region, 5 the two helices of the homodimer are aligned, whereas they are vertically shifted in the wild-type. One 6 chain is partially disordered and this structural flexibility is confirmed by computations, which reveal that 7 the mutant transitions back and forth between the two registries. We propose that a coiled-coil registry 8 shift upon cargo binding activates BicD for dynein recruitment. Moreover, the human homolog 9 BicD2/F743I exhibits diminished binding of cargo adaptor Nup358, implying that a coiled-coil registry 10 shift may be a mechanism to modulate cargo selection for BicD2-dependent transport pathways.
INTRODUCTION
of cellular transport events (Cianfrocco et al., 2015) . Dynein adaptor proteins, such as Drosophila Bicaudal (Dm BicD) (Hoogenraad et al., 2001) recognize cargo for dynein-dependent transport. Cargobound adaptors are required to activate metazoan dynein for processive transport and are therefore an domain 1, CC1), sterically preventing motor binding (Chowdhury et al., 2015; Liu et al., 2013;  and essential for brain development (Baffet et al., 2015; Hu et al., 2013; Splinter et al., 2010) . Mutations 48 of BicD2 cause the neuromuscular disease spinal muscular atrophy (Martinez-Carrera & Wirth, 2015;  far only been reported for a few proteins, including dynein (Carter et al., 2008; Choi et al., 2011; Snoberger et al., 2018; Stathopulos et al., 2013; Xi et al., 2012) , but may potentially be an inherent resulting in a vertical displacement of the helices by ~one helical turn. In the C-terminal half, the helices 141 are aligned to form a coiled-coil with homotypic registry.
142
To determine the coiled-coil registry, we assigned the heptad register of the structure of Dm BicD-143 CTD/F684I (Fig. 2, Fig. S1 ). As observed for the wild-type Dm BicD-CTD ( Fig. 2A) and Hs BicD2-CTD 144 ( Fig. 2C ), the C-terminal half of the mutant structure has a homotypic coiled-coil registry (Fig. 2B , see 145 Table 2 for residue numbering in Hs and Dm homologs). Notably, one additional layer of knobs-into-146 holes interactions with homotypic coiled-coil registry was identified in the Bicaudal mutant compared to 147 the Dm BicD wild type. This layer is formed by knob residue V702 from both chains (Fig. 2, Fig. S1 ). In 148 contrast to the F684I mutant, in the Dm BicD wild type, V702 forms a layer of knobs-into-holes 149 interactions with residue Y698 and therefore part of the region that has a heterotypic coiled-coil registry.
150
Wild-type Dm BicD-CTD also has additional layers of knob-into-holes interactions with heterotypic 151 registry in its N-terminal region, resulting in a vertical displacement of the helices by approximately one 152 helical turn. However, no additional layers of knobs-into-holes interactions N-terminal of V702 were 153 identified in the structure of Dm BicD-CTD/F684I, because a ~20 residue region upstream of residue I684 154 is not resolved for one chain (Fig. 2) .
155
A least-squares superimposition of the structures of the Dm BicD-CTD/F684I mutant and the wild 156 type revealed that in the mutant, both I684 residues are aligned at equal height, as observed for the coiled-coil registry is formed by residues V702 in the structure of the Bicaudal mutant compared to the 165 wild type. Furthermore, residues I684 are aligned in the structure of the Bicaudal mutant at equal height 166 (homotypic registry), whereas in the wild-type structure, residues F684 are vertically shifted respectively to each other by approximately one helical turn (heterotypic registry). However, since a ~20 residue area is F691 (Fig. 3 ). In the Dm BicD-CTD wild-type structure with the asymmetric coiled-coil registry, face-to-face ( Fig. 3A , C, F), which suggests a homotypic registry. A least-squares superimposition of the 180 structures of the Dm BicD wild type and the F684I mutant confirms that the F691 side chains form a face-181 to-face aromatic interaction in the structure of the Bicaudal mutant and a face-to-edge aromatic 182 interaction in the wild-type structure with the asymmetric registry ( Fig. 3C ). These data suggest that in the 183 structure of the Dm BicD F684I mutant, the F691 residues assume a conformation that is found in Hs
184
BicD2 with homotypic coiled-coil registry.
186
The disordered region is present in the crystal, and α-helical.
187
Because a ~20 residue region of one chain is not resolved in the crystal structure, we dissolved crystals 188 of Dm BicD-CTD/F684I and analyzed them by SDS-PAGE, to assess whether the crystals contained the 189 intact protein (Fig. 4A) . A comparison of the SDS-PAGE of the dissolved crystals, the purified Dm BicD-190 CTD/F684I protein as well as the wild-type protein suggests that indeed the intact Dm BicD-CTD/F684I 191 protein is present in crystal, suggesting that the unresolved N-terminal region is disordered.
192
In order to assess, whether the disordered portion of the helix is α-helical (rather than misfolded), we 193 probed the secondary structure content of Dm BicD-CTD/F684I by circular dichroism (CD) wavelength 194 scans. The CD wavelength spectra of the Dm BicD-CTD/F684I mutant and the wild-type both have 195 minima at 208nm and 222nm, which are characteristic for α-helical proteins. Notably, the spectra of the 196 F684I mutant and the wild-type overlay perfectly, suggesting that both structures have a very similar α-197 helical content. These data suggest that the ~20 residue disordered region is α-helical rather than 198 unstructured ( Fig. 4B ). In order to assess, whether differences in the crystallization conditions of the Dm 199 BicD-CTD/F684I mutant and the wild-type protein contributed to the observed structural differences, we 200 also recorded CD wavelength spectra in modified crystallization buffers (Fig. S2 ). These spectra 201 confirmed that the compounds of the crystallization buffers do not affect the α-helical content of either 202 the mutant or the wild-type protein, and therefore do not cause the observed structural disorder in the 203 mutant.
204
Furthermore, we compared the dimer interface of the structure of the F684I mutant with the wild type 205 (Table S1 ). Since the N-terminal region of one of two chains is disordered in the mutant, the interface 206 area is smaller (1427 Å 2 ) compared to the wild type (1764 Å 2 ), and the dimer interface of the F684I 207 mutant contains eighteen fewer interacting residues as well as one less hydrogen bond and one less salt 208 bridge compared to the wild type (Table S1 ). It is unknown if the disordered region engages in 209 interactions that stabilize the dimer, however, in the absence of additional interactions one would expect 210 that the F684I mutant would be less stable than the wild type.
211
Thus, we probed thermodynamic stability of the F684I mutant and the wild type by recording circular terminal disordered portion of one helix. Therefore, it is conceivable that the disordered portion still 217 interacts with the other chain, as it would explain the observed similar thermodynamic stability.
218
To conclude, the ~20 residue disordered region is present in the crystal and folded, and since the 219 thermodynamic stability of the mutant is comparable to the wild type, this region is likely to still interact 220 with the other chain. These data suggest that the region N-terminal of I684 is flexible in the mutant in one 221 chain and possibly assuming multiple conformations.
223
MD simulations suggest that the N-terminal region of the mutant can switch between homotypic and 224 heterotypic registries.
225
In the X-ray structure, the Bicaudal mutant of Dm BicD-CTD assumes a conformation with a homotypic 226 coiled-coil registry, and the region N-terminal of F684I is disordered for one of two chains. In order to 227 gain insight into the disorder in the N-terminal region of Dm BicD-CTD/F684I, we used MD simulations 228 to assess if a conformation of the mutant with a homotypic registry would sample multiple conformations.
229
For these simulations, the structure of the homolog Hs BicD2-CTD was chosen as a starting point, since it 230 has a fully resolved homotypic coiled-coil registry (unlike Dm BicD WT), and amino acid mutations were 231 carried out to match the sequence of Dm BicD-CTD/F684I. In these simulations, the N-terminal region of 232 the coiled-coil switched back and forth between a homotypic and heterotypic registry, while the C-233 terminal region retained a homotypic registry, in line with the various crystal structures. Therefore, the 234 overall coiled-coil registry of Dm BicD-CTD/F684I switched after ~53 ns from homotypic to asymmetric, 235 and reverted back to homotypic after ~120 ns ( Fig. 5A-C ). This suggests that the disorder in the N-
236
terminal region of one of the chains, as seen in the crystal structure, is likely caused by the ability of the 237 N-terminal region to easily switch between the homotypic and heterotypic registries.
238
In order to gain insights into the kinetics of the observed coiled-coil registry shift, we also calculated 239 the relative free energies of the conformations with homotypic and asymmetric coiled-coiled registries, as 240 well as the free energy barrier that separates them. Detailed analysis of the MD trajectory for Dm BicD-241 CTD/F684I revealed the C-Cα-Cβ-Cγ dihedral angle of F691 of chain A to be directly correlated with the 242 registry shift. It assumed values around 175° and around 55° in conformations with homotypic and 243 asymmetric registries, respectively. Interestingly, the corresponding dihedral angle of F691 of chain B 244 and of I684 and Y698 of either chain were not found to be correlated with the registry shift. The different 245 behaviors of F691 of the two chains is consistent with the disorder in the N-terminal region of only one of 246 the chains in the crystal structure. In addition to the above mentioned dihedral angle, the salt-bridge 247 interaction between K678 of chain A and E673 of chain B that is formed in the conformation with the 248 homotypic registry was also found to be correlated with the registry shift, with the interaction completely 249 broken in the conformation with asymmetric registry. Interestingly, of all the salt-bridges in the N-250 terminal region, only this one was found to be related to the registry shift. Our data therefore provide 251 insights into the molecular mechanism of the coiled-coil registry shift, and reveal key roles of residue 252 F691 from chain A as well as of the salt bridge between K678 of chain A and E673 of chain B in the 253 mechanism.
254
The identification of these key coordinates related to registry shift allowed the calculation of the 255 potential of mean force (PMF) or free energy as a function of the two coordinates (Eqn. 1, see Materials
256
and Methods), revealing the free energy difference between the homotypic and asymmetric registries to 257 be less than 1 kcal/mol, and the free energy barrier for transition between the registries to be ~4-5 258 kcal/mol ( Fig. 5D ). Hence, the two registries have similar stability and can interconvert on a timescale of 259 tens of ns, as observed in the MD simulations. In the crystal structure of Dm BicD-CTD WT, disorder 260 was not observed. It is conceivable that F684 is a key residue that serves to lock the WT BicD coiled-coil 261 in conformations with either homotypic or asymmetric registry. Replacement of this residue by isoleucine the F684I mutant and the MD simulations. It should be noted that the structure of the mutant has an In comparison, in our recent MD simulations of the human homolog of the Bicaudal mutant, Hs coiled-coil registry shift from an asymmetric to a fully heterotypic registry (Noell et al., 2019) .
Simulations starting from the homotypic registry of Hs BicD2-CTD/F743I maintained a homotypic Indeed, the F684I mutant of Drosophila BicD does not affect the interaction of BicD with the cargo 289 adaptors Egalitarian and Rab6 GTP (Liu et al., 2013) .
290
Notably, the mammalian cargo adaptor Nup358 binds to a larger region that includes residues 724-802 291 of Hs BicD2 (mapped for a homolog) (Terawaki et al., 2015) , and a portion of this region undergoes a 292 coiled-coil registry shift ( Fig. 6B ). Several important Nup358 interface residues, which are N-terminal of 293 F743 were identified for a close homolog of human BicD2 (Table 2; residues L746, R747, M749 and 294 R753). Mutation of each of these residues to alanine strongly diminishes the interaction (Terawaki et al., 295 2015).
296
We therefore hypothesized that the homologous F743I mutation in Hs BicD2 would modulate the 297 interaction between BicD2 and Nup358, since a portion of the interface is located in the region that is 298 thought to undergo coiled-coil registry shifts. The BicD2/Rab6 GTP interaction however is expected to be 299 unaffected by the F743I mutation, since the binding site is located in the region that remains homotypic.
300
This is confirmed by pull-down assays of Rab6 GTP with the BicD2-CTD/F743I mutant, and the 301 F743I/R747C mutant, which both bind with comparable strength as observed for the wild-type ( Fig. 6C ).
302
Interestingly, binding of Nup358 is modulated by the mutation. In a pull-down-assay, the minimal 303 interacting domain Nup358-min pulls down wild-type BicD2-CTD much more strongly compared to the 304 F743I mutant (Fig. 6C) . Binding is even more strongly weakened for the double mutant F743I/R747C, 305 which combines two mutations that induced coiled-coil registry shifts in simulations ( Fig. 6C) (Noell et 306 al., 2019) .
307
To gain further insights into the impact of the mutation on the cargo-adaptor-binding interface, we 308 compared the electrostatic surface potential of the structures of Dm BicD-CTD/F684I, the wild type 309 (asymmetric registry), and Hs BicD2-CTD (homotypic registry) ( Fig. 6D-G ). There are differences in the 310 electrostatic surface potential in the area where Nup358 binds (L746, R747, M749 and R753 (Terawaki et 311 al., 2015) ( Fig. 6D-G) . Notably, both the Bicaudal mutant BicD-CTD/F684I and Hs BicD2-CTD 312 (homotypic registry) have a highly positively charged surface electrostatic potential in the area of these 313 interface residues, creating a basic pocket (blue, Fig. 6E,G) . In comparison, the same interface area in the caused by a coiled-coil registry shift and could be responsible for the observed difference for the To conclude, while the Dm BicD/F684I mutant shows comparable selectivity as the wild-type protein towards the cargo adaptors Egalitarian and Rab6 GTP (Liu et al., 2013) , in human BicD2, the homologous F743I mutant, which likely induces a coiled-coil registry shift, affects cargo selection. While binding of it binds to a larger binding site that contains a portion of the protein that may undergo a coiled-coil 322 registry shift.
324

DISCUSSION
In the absence of cargo, BicD forms an auto-inhibited state that is unable to recruit dynein auto-inhibition is abolished in the classical Bicaudal mutant BicD/F684I, resulting in cargo-independent 330 activation of dynein-dynactin, consistent with cellular studies that show increased dynein recruitment (Liu 331 et al., 2013; Mohler & Wieschaus, 1986) . To probe the mechanism of BicD activation from the auto-332 inhibited state, we determined the X-ray structure of the C-terminal cargo-binding domain of the Bicaudal 333 mutant (Dm BicD-CTD/F684I). The Bicaudal mutant assumes a conformation with homotypic registry as 334 its predominant structural state, as the helices are aligned at equal height up to residue I684, unlike in the 335 wild-type, where F684 residues are displaced vertically by one helical turn against each other. However, a 336 ~20 residue region upstream of residue I684 is not resolved for one chain in the structure. This structural 337 flexibility is also confirmed by MD simulations and free energy calculations, in which the mutant samples 338 conformations with homotypic and asymmetric coiled-coil registries of similar stability on a time scale of 339 tens of ns, which would explain the observed disorder in the crystal structure. Our data suggest that the 340 F684I mutation shifts the equilibrium of registry-shifted conformers, resulting in formation of a larger 341 percentage of BicD with homotypic registry.
342
It was previously proposed that BicD undergoes coiled-coil registry shifts, which activate it for dynein 343 recruitment upon cargo binding (Liu et al., 2013; Noell et al., 2019; Terawaki et al., 2015) . This idea is 344 based on the structures of distinct BicD homologs with distinct coiled-coil registries as well as our recent 345 MD simulations, which suggest that human BicD2 can assume stable conformations with either 346 homotypic or asymmetric coiled-coil registries (Liu et al., 2013; Noell et al., 2019; Terawaki et al., 347 2015) .
348
Here, we show that in MD simulations, the structure of the Dm BicD/F684I mutant transitions back 349 and forth between homotypic and asymmetric coiled-coil registries on a time scale of tens of ns. These 350 simulations also reveal key roles of residue F691 from chain A as well as for the salt bridge between 351 K678 of chain A and E673 of chain B in the structural transition. Our results suggest that the mutation 352 induces structural dynamicity, and leads to formation of multiple conformations, which is also supported 353 by the crystal structure. The structure has a comparatively high B-factor, suggesting flexibility and a ~20 354 amino acid region at the N-terminus of one chain is not resolved in the structure, whereas the second 355 chain is resolved, and therefore the coiled-coil registry in this region cannot be determined. It is unlikely 356 that the different crystallization conditions contribute to the distinct conformations of the coiled-coil, 357 since the mutant and wild-type protein have the same α-helical content in different crystallization buffers.
358
Our data suggest that the disordered region is present in the crystal and α-helical. The disordered region 359 likely also still interacts with the second ordered chain, since the melting temperatures in solution studies 360 indicate similar thermodynamic stability for the mutant and the wild-type.
361
In the wild-type, F684 likely serves as a switch to lock Dm BicD in conformations with distinct 362 registries (Liu et al., 2013; Noell et al., 2019) . In the conformation with the asymmetric registry, F684 363 rotates to the core of the coiled-coil and forms an edge-to-face aromatic interaction with residue F684 364 from the second chain, which leads to the observed vertical displacement of the helices (Liu et al., 2013;  BicD2 forms a looped structure in which the CTD binds to the N-terminal dynein/dynactin binding site, likely causing steric interference (Chowdhury et al., 2015; Liu et al., 2013; McClintock et al., 2018;  the N-terminal dynein/dynactin binding site and thus activate BicD for dynein recruitment. Alternatively, 376 the registry shift could propagate through the entire coiled-coil to the N-terminal dynein-dynactin binding 377 site. Furthermore, the induced flexibility and formation of multiple conformations as observed in the 378 mutant may potentially also be an inherent structural feature of cargo-bound wild type BicD. Such 379 structural and mechanistic details remain to be established and studies with full-length proteins in 380 physiological context remain to be conducted to fully understand the molecular mechanism of BicD2 381 auto-inhibition and activation.
382
In addition to BicD2, several other dynein adaptors have coiled-coil structures (e.g. NudE/NudEL absence of cargo (McKenney et al., 2014; Mosalaganti et al., 2017) . The molecular mechanism for auto-387 inhibition in these dynein adaptors remains to be established, and it is possible that some of them undergo 388 coiled-coil registry shifts as well.
389
Cargo selection for BicD2-dependent transport events are tightly regulated, but currently known 390 regulatory mechanisms, which include competition of cargo adaptors and the G2 391 specific kinase Cdk1 (Baffet et al., 2015) , are insufficient to fully explain how BicD2 switches between 392 these cargoes in a cell-cycle specific manner .
393
In Drosophila, cargo adaptors Egalitarian and Rab6 GTP bind to a small domain of BicD that remains 394 homotypic and does not undergo coiled-coil registry shifts, consistent with the Bicaudal mutation not 395 affecting cargo selection (Dienstbier et al., 2009; Liu et al., 2013) . The F684I mutation does not affect the 396 affinity of BicD for Egalitarian or Rab6 GTP (Liu et al., 2013) but it promotes cargo-independent dynein 397 recruitment (Fig. 1) thereby resulting in increased transport rates. An increase in dynein-mediated 398 transport of Oskar mRNA/Egalitarian in the F684I mutant causes the double-abdomen fly phenotype 399 (Bull, 1966; Liu et al., 2013; Mach & Lehmann, 1997; Mohler & Wieschaus, 1986; Navarro et al., 2004;  400 Zimyanin et al., 2008) . This likely means that dynein recruitment is more limiting to transport than the 401 affinity of BicD towards cargo adaptors (Bullock et al., 2006; Liu et al., 2013) . monomer is disordered in the structure, in line with MD simulations of the mutant which samples program in the AMBER16 package (Case et al., 2016) as described (Noell et al., 2019) . The use of an 524 implicit solvent model was justified by comprehensive comparisons of the results to those from explicit 525 solvent simulations. The PMF or free energy associated with registry shift for the Dm BicD-CTD/F684I 526 mutant was calculated using Eqn. (1) from a single 250 ns trajectory in which both the homotypic and 527 asymmetric registries were sampled. 528 529
530
Here, is the PMF as a function of a dihedral angle , more specifically, the C-Cα-Cβ-Cγ dihedral angle The statistics for the high-resolution shell are shown in parenthesis. *Interface residues were mapped for Ms BicD1, a close homolog of Hs BicD2 (Terawaki et al., 2015) . Residue i of Hs BicD2 (as listed in the table) is homologous to residue i-2 of Ms BicD1.
Figure 1. Full-length Dm BicD F684I results in cargo-independent activation of dynein motility. (A)
Normalized run frequency of dynein-dynactin-BicD (DDB) with different Dm BicD constructs: fulllength BicD WT (black), truncated BicD CC1 (blue), and full-length mutant BicD F684I (red). The binding frequency of DDB CC1 is normalized to one. Frequencies of DDB CC1 and DDB F684I are 4.5-fold and 3.8fold higher, respectively, than DDB WT . Motion of DDB WT is mainly diffusive. (B) Kymographs of the three DDB complexes. DDB WT is either static or diffusive, while the other two complexes show processive motion (sloped lines). (C) The speed of DDB CC1 (blue) and DDB F684I (red) are 0.41 ± 0.21 µm/s, n=58) and 0.43 ± 0.17 µm/s (n=68) (mean ± SD), respectively, which were not significantly different (p=0.44). (D) Run length of DDB CC1 (2.8 ± 0.13 µm, n=58, blue) and DDB F684I (3.3 ± 0.18 µm, n=68, red) (mean ± SD) were not significantly different (p=0.9). Data from 3 independent experiments were pooled.
Figure 2
Dm BicD-CTD/F684I assumes a conformation with homotypic coiled-coil registry. (A) The structure of Dm BicD-CTD wild type (PDB ID 4BL6) (Liu et al., 2013) which has an asymmetric coiledcoil registry is shown in cartoon representation next to a schematic illustrating coiled-coil registries (left panel). Knob residues in the "a" position of the heptad repeat are shown in spheres representation (heterotypic registry yellow, homotypic registry dark blue). (B) Structure of Dm BicD-CTD/F684I, which has a homotypic registry. (C) Structure of Hs BicD2-CTD (PDB ID 6OFP) (Noell et al., 2019) , which has a homotypic registry. (D-G) Least squares superimposed structures of the Dm BicD-CTD wild type (green) and the F684I mutant (dark blue) are shown as C-α traces, and are rotated by 90° in (D, F). (E, G) Close-up of the boxed area in (D, F). Residues F684 and I684 are shown in stick representation. Note that in the structure of the Bicaudal mutant, the I684 residues from both chains of the dimer are aligned at the same height, consistent with a homotypic registry, while in the wild-type structure, the F684 residues from both monomers are vertically shifted by one helical turn respective to each other, consistent with a heterotypic registry. (Terawaki et al., 2015) and (E) Hs BicD2-CTD (red, PDB ID 6OFP) (Noell et al., 2019) . (F) Structure of the Dm BicD-CTD/F684I mutant in stick representation overlaid with the 2F O -F C electron density map (blue mesh). Close-ups of residues I684, F691 and Y698 are shown in three panels. Note that residues F691 from both chains are oriented face-to-face, as observed in the structures with the homotypic registries. (Noell et al., 2019) , with homotypic registry, colored by residue type (blue: positively charged, red: negatively charged, green: polar, white: non-polar). F684 was mutated to isoleucine (silver spheres). F691 and Y698 are shown in yellow stick representation. A close-up of the boxed area is shown on the right. See also File S1. (B) Structure of the F684I mutant of Dm BicD-CTD after ~53 ns of an MD simulation. Note that the N-terminal region of the coiled-coil switches to a heterotypic registry; therefore, the overall coiled-coil registry is asymmetric. See also File S2. (C) Structure of the F684I mutant of Dm BicD-CTD after ~120 ns of the same MD simulation. Note that the structure switches back to a homotypic coiled-coil registry. However, the solvent-exposed F691 sidechains are oriented towards the same side, as opposed to opposite sides in A. This leads to a slight distortion of the coiled coil around the F691 residues. See also File S3. (D) Free energy in kcal/mol as a function of the C-Cα-Cβ-Cγ dihedral angle of F691 of chain A (plotted along the horizontal axis), and the distance between the sidechain N atom of K678 of chain A and the Cδ atom of E673 of chain B (plotted along the vertical axis). The distance between the sidechain N atom and Cδ was chosen, since both oxygen atoms of the carboxyl group can engage in salt bridge formation. The free energy is depicted using a color map that ranges from 0 to 6 kcal/mol. The free energy difference between the minima is ~1 kcal/mol, with a free energy barrier of ~4-5 kcal/mol. Table 2 ) are shown in spheres representation (Terawaki et al., 2015) . (C) Pull-down-assays of BicD2-CTD (wild type, F743I or F743I/R747C mutant) with the GST-tagged cargo adaptors Rab6 GTP -GST and Nup358-min-GST. An asterisk indicates the location of the GST-band. An SDS-PAGE of the elution fractions is shown in the left panel. Right panel: SDS-PAGE analysis of the BicD2-CTD load fractions. Pull-down assays were repeated three times with similar results. (D) Surface representation of the structure of Dm BicD-CTD/F684I. Several important Nup358/BicD2 interface residues are known (Terawaki et al., 2015) (see Table 2 ); homologous Dm residues are shown in stick representation and labeled. (E-G) The surface electrostatic potential of distinct structures is shown. Positive (blue: 5 kT/e) and negative (red: -5 kT/e) potentials are mapped on the solvent excluded molecular surface (top panel). The bottom panel shows a close-up of the known BicD2/Nup358 interface residues. The same view as in (D) is shown. (E) Dm BicD-CTD/F684I. (F) Dm BicD-CTD wild type (Liu et al., 2013) . (G) Hs BicD2-CTD (Noell et al., 2019) .
